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1

PACKAGE STRUCTURE, CHIP STRUCTURE
AND METHOD OF FABRICATING THE
SAME

BACKGROUND

Semiconductor devices and integrated circuits are typi-
cally manufactured on a single semiconductor water. The
dies of the water may be processed and packaged with other
semiconductor devices or dies at the water level, and various
technologies have been developed for the water level pack-
aging. In addition, such packages may further be integrated
to a semiconductor substrate or carrier after dicing. There-
tore, the reliability of the electrical connection between
conductive terminals and an internal component (e.g. a
redistribution circuit structure) within each package
becomes 1mportant.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice 1n the industry, various features are not
drawn to scale. In fact, the critical dimensions of the various
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1A to FIG. 1E are schematic sectional views of
various stages 1 a method of fabricating a semiconductor
chip according to some exemplary embodiments of the
present disclosure.

FIG. 2A to FIG. 2D are schematic sectional views of
various stages 1n a method of fabricating a chip structure
according to some exemplary embodiments of the present
disclosure.

FIG. 3 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 4 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 5 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 6 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 7 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 8 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 9 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 10 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 11 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure.

FIG. 12A to FIG. 12G are schematic sectional views of
various stages in a method of fabricating a package structure
according to some exemplary embodiments of the present
disclosure.
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2

FIG. 13 1s a schematic sectional view of a package-on-
package (PoP) structure according to some exemplary

embodiments of the present disclosure.

FIG. 14 1s a schematic sectional view ol a package
structure according to some other exemplary embodiments
of the present disclosure.

FIG. 15 1s a schematic sectional view of a package
structure according to some other exemplary embodiments
of the present disclosure.

FIG. 16 1s a schematic sectional view of a package
structure according to some other exemplary embodiments
of the present disclosure.

FIG. 17 1s a schematic sectional view of a package
structure according to some other exemplary embodiments
of the present disclosure.

DETAILED DESCRIPTION

The following disclosure provides many different
embodiments, or examples, for implementing different fea-
tures ol the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a second feature over or on a first feature
in the description that follows may include embodiments 1n
which the second and first features are formed 1n direct
contact, and may also 1include embodiments 1in which addi-
tional features may be formed between the second and first
features, such that the second and first features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itsell dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath”,
“below™, “lower”, “on”, “over’, “overlying’, “above”,

on
“upper” and the like, may be used herein for ease of
description to describe one element or feature’s relationship
to another element(s) or feature(s) as illustrated in the
figures. The spatially relative terms are intended to encom-
pass different orientations of the device 1n use or operation
in addition to the orientation depicted in the figures. The
apparatus may be otherwise oriented (rotated 90 degrees or
at other onentations) and the spatially relative descriptors
used herein may likewise be interpreted accordingly.

Other features and processes may also be included. For
example, testing structures may be included to aid in the
verification testing of the 3D packaging or 3DIC devices.
The testing structures may include, for example, test pads
formed 1n a redistribution layer or on a substrate that allows
the testing of the 3D packaging or 3DIC, the use of probes
and/or probe cards, and the like. The verification testing may
be performed on intermediate structures as well as the final
structure. Additionally, the structures and methods disclosed
herein may be used 1n conjunction with testing methodolo-
gies that incorporate intermediate verification of known
good dies to increase the yield and decrease costs.

FIG. 1A to FIG. 1E are schematic sectional views of
various stages 1 a method of fabricating a semiconductor
chip according to some exemplary embodiments of the
present disclosure. In the exemplary embodiment, a method
of fabricating a second semiconductor chip SC2 that 1s to be
used 1n later embodiments i1s described. Referring to FIG.
1A a semiconductor water WF (second semiconductor
waler) having a plurality of second semiconductor chips
SC2 (separated by dicing line DL) 1s provided. As illustrated
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in FIG. 1A, each of the second semiconductor chips SC2
includes a second semiconductor substrate 201, a second
interconnection layer 202, a plurality of second conductive
pads 204 and a dielectric layer 206. In the exemplary
embodiment, the second semiconductor substrate 201 may
be a bulk silicon substrate or a silicon-on-insulator (SOI)
substrate, and further includes active components (e.g.,
transistors or the like) and optionally passive components
(e.g., resistors, capacitors, mductors or the like) formed
therein. The second mterconnection layer 202 1s disposed on
the second semiconductor substrate 201 and may, for
example, iclude a plurality of metallization layers (top
metallization layer 202-TM and lower metallization layers
202-LM) and inter-dielectric layers 202A stacked alter-
nately. The second conductive pads 204 may be aluminum
pads, copper pads or other suitable metal pads. The second
conductive pads 204 are for example, disposed on and
clectrically connected to the second interconnection layer
202 (e.g. connected to the top metallization layer 202-TM of
the second interconnection layer 202). The dielectric layer
206 may be a silicon oxide layer, a silicon nitride layer, a
silicon oxy-nitride layer or a dielectric layer formed of any
suitable dielectric materials. In some embodiments, the
dielectric layer 206 surrounds the second conductive pads
204 while exposing upper surfaces of the second conductive
pads 204.

Referring to FIG. 1B, i a next step, a plurality of second
conductive vias 208 1s formed on the second 1interconnection
layer 202, and a first protective portion 210A 1s formed to
surround the plurality of second conductive vias 208. In
some embodiments, the first protective portion 210A 1s
formed on the second 1nterconnection layer 202 first. There-
alter, the first protective portion 210A 1s patterned to form
openings, whereby the second conductive vias 208 are
formed within the opening to be electrically connected to the
second interconnection layer 202. In some embodiments, the
second conductive vias 208 is physically connected to the
top metallization layer 202-TM of the second interconnec-
tion layer 202. In some embodiments, the second conductive
vias 208 may be formed by plating. In certain embodiments,
a planarization process (such as chemical mechanical pol-
1shing (CMP)) may be performed so that top surfaces of the
second conductive vias 208 and the first protective portion
210A are coplanar with each other.

Referring to FIG. 1C, a second protective portion 2108 1s
formed to cover the plurality of second conductive vias 208,
and formed to cover the first protective portion 210A. In
some embodiments, the first protective portion 210A and the
second protective portion 210B constitute the second pro-
tection layer 210. In one exemplary embodiment, a total
thickness Tx of the second protection layer 210 1s around
20um, the disclosure 1s not limited thereto. In some embodi-
ments, the first protective portion 210A and the second
protective portion 210B may include materials such as
polymers, dielectric materials, a resin material or the like.
However, the disclosure 1s not limited thereto, and other
suitable protective materials may be used. In certain embodi-
ments, the first protective portion 210A and the second
protective portion 210B (second protection layer 210) are
oxide-based films.

Referring to FIG. 1D, 1n a next step, a thinning process
may be performed to thin down a backside of the second
semiconductor substrate 201. For example, in one embodi-
ment, the waler structure may be turned upside down for
thinning down the backside of the second semiconductor
substrate 201. In some embodiments, the thinning process 1s
performed so that a total height of the second semiconductor
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chip SC2 1s reduced to around 40pum. However, the disclo-
sure 1s not limited thereto, and the height of the second
semiconductor chip SC2 may be adjusted according to
requirement.

In some embodiments, referring to FIG. 1E, after thinning
down the backside of the second semiconductor substrate
201 (semiconductor water WF), the semiconductor wafer
WF may be diced along the dicing lines DL (shown in FIG.
1D) to separate the plurality of second semiconductor chip
SC2 from one another. In certain embodiments, the semi-
conductor water WF 1s placed on a dicing tape DT used for
die saw, so that the dicing can be performed on the dicing
tape DT. Up to here, a second semiconductor chip SC2 of the
exemplary embodiment may be fabricated.

FIG. 2A to FIG. 2D are schematic sectional views of
various stages 1n a method of fabricating a chip structure
according to some exemplary embodiments of the present
disclosure. Referring to FIG. 2A, a semiconductor wafer
WF1 having a plurality of first semiconductor chips SC1 1s
provided. As illustrated 1n FIG. 2A, each of the first semi-
conductor chips SC1 includes a first semiconductor substrate
101, a first mterconnection layer 102, a plurality of first
conductive pads 104, a dielectric layer 106, a plurality of
first conductive posts 108, and a first protection layer 110. In
the exemplary embodiment, the first semiconductor sub-
strate 101 may be a bulk silicon substrate or a silicon-on-
insulator (SOI) substrate, and further includes active com-
ponents (e.g., transistors or the like) and optionally passive
components (€.g., resistors, capacitors, inductors or the like)
formed therein. The first iterconnection layer 102 1s dis-
posed on the first semiconductor substrate 101 and may, for
example, include a plurality of metallization layers (top
metallization layer 102-TM and lower metallization layers
102-LM) and inter-dielectric layers 102A stacked alter-
nately. The first conductive pads 104 may be aluminum
pads, copper pads or other suitable metal pads. The first
conductive pads 104 are for example, electrically connected
to the first interconnection layer 102. The first conductive
posts 108 may be formed on the first interconnection layer
102 by plating. In some embodiments, the first conductive
posts 108 are formed adjacent to the first conductive pads
104. The dielectric layer 106 may be a silicon oxide layer,
a silicon nitride layer, a silicon oxy-mitride layer or a
dielectric layer formed of any suitable dielectric materials.
In some embodiments, the dielectric layer 106 may cover up
the first conducive pads 104 while surrounding portions of
the first conductive posts 108. In certain embodiments, the
first protection layer 110 covers the dielectric layer 106 and
the first interconnection layer 102, wherein upper surfaces of
the first conductive posts 108 are exposed. The first protec-
tion layer 110 imnclude materials such as polymers, dielectric
materials, a resin material or the like. However, the disclo-
sure 1s not limited thereto, and other suitable protective
materials may be used. In certain embodiments, the protec-
tion layer 110 1s an oxide-based film (e.g., silicon oxide
{1lm).

As 1llustrated 1n FIG. 2A, after providing the semicon-
ductor walter WF1, at least one second semiconductor chip
SC2 prepared 1n FIG. 1E 1s disposed on the first protection
layer 110 of the first semiconductor chips SC1. In some
embodiments, the second semiconductor substrate 201 of
the second semiconductor chip SC2 1s in physical contact
with the first protection layer 110 of the first semiconductor
chip SC1. In certain embodiments, the semiconductor sub-
strate 201 1s directly bonded onto the first protection layer
110 by fusion bonding. For example, the fusion bonding
may be oxide-oxide fusion bonding or silicon-oxide fusion
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bonding, the disclosure 1s not limited thereto. In case where
the fusion bonding 1s oxide-oxide fusion bonding, an oxide-
based film may be formed on the backside of the semicon-
ductor substrate 201 for bonding to the first protection layer
110. The disclosure 1s not limited thereto.

Referring to FIG. 2B, 1n a next step, a first etch stop layer
112 may be conformally formed over the first protection
layer 110 and over the second semiconductor chip SC2. For
example, the first etch stop layer 112 may cover top surfaces
of the first protection layer 110 and the second semiconduc-
tor chip SC2, and further cover sidewalls SW of the second
semiconductor chip SC2. In some embodiments, the first
ctch stop layer 112 may be formed of a material having a
high etching selectivity relative to the overlying or under-
lying layers to stop and control the etching of these layers.
In a subsequent step, a gap fill layer 114 1s formed over the
first etch stop layer 112 to cover the first etch stop layer 112.
In certain embodiments, the gap {ill layer 114 1s formed over
the first protection layer 110 and covers the second semi-
conductor chip SC2. In certain embodiments, the first etch
stop layer 112 1s located in between (or sandwiched 1n
between) the first protection layer 110 and the gap fill layer
114. In some embodiments, the gap fill layer 114 may be an
oxide based dielectric material layer (e.g., silicon oxide), but
the disclosure 1s not limited thereto. In certain embodiments,
when both the first protection layer 110 and the gap fill layer
114 are made of oxide-based materials, then the first etch
stop layer 112 may be silicon nitride, for example.

Referring to FIG. 2C, after forming the gap fill layer 114,
a planarization process 1s performed to remove portions of
the second protection layer 210 and to remove portions of
gap {1l layer 114. In some embodiments, at least the second
protective portion 210B of the second protection layer 210
1s removed. In other words, only the first protective portion
210A of the second protection layer 210 1s remaining after
the planarization process. In certain embodiments, the pla-
narization process further removes portions of the first etch
stop layer 112 so that the remaining portions of the first etch
stop layer 112 covers a top surface of the first protection
layer 110 and sidewalls SW of the second semiconductor
chip SC2. In some embodiments, the second protection layer
210 and the gap fill layer 114 are ground or polished by a
mechanical grinding process and/or a chemical mechanical
polishing (CMP) process until the top surface 208-TS of the
second conductive vias 208 are revealed. After the planar-
ization or polishing process, the top surface 208-TS of the
second conductive vias 208, a top surface 210-TS of the
second protection layer, a top surface 112-TS of the first etch
stop layer 112, and a top surface 114-TS of the gap {ill layer
114 are coplanar and levelled with one another.

Referring to FI1G. 2D, 1n a next step, the gap fill layer 114
and the etch stop layer 112 are etched, and a plurality of first
conductive vias 116 1s formed 1n the gap fill layer 114 and
the etch stop layer 112. With the presence of the first etch
stop layer 112, the first conductive vias 116 may be formed
with suflicient uniformaity. In other words, due to the differ-
ent etch rate or etching selectivity of the gap fill layer 114
and the etch stop layer 112, the etching of these layers may
be appropriately controlled. In some embodiments, the first
conductive vias 116 are embedded 1n the gap fill layer 114
and being electrically connected with the first interconnec-
tion layer 102. In some embodiments, the first conductive
vias 116 are formed to surround the second semiconductor
chup SC2. In certain embodiments, the first conductive vias
116 1s electrically connected to the first interconnection layer
102 through the first conductive posts 108. Furthermore, as
illustrated 1n FIG. 2D, the first etch stop layer 112 and the
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gap fill layer 114 are 1n physical contact with the sidewalls
of the first conductive vias 116. In other words, the first etch
stop layer 112 and the gap fill layer 114 surrounds the first
conductive vias 116. After forming the first conductive vias
116, a top surface 116-TS of the first conductive vias 116 1s

coplanar and levelled with the top surface 208-TS of the
second conductive vias 208, the top surface 210-1S of the
second protection layer 210, the top surface 112-1S of the
first etch stop layer 112, and the top surface 114-TS of the

gap {1ll layer 114. Thereaftter, the semiconductor water WEF1
may be diced along the dicing lines DL (shown 1n FIG. 2C)
to separate the plurality of first semiconductor chips SC1
from one another. Up to here, a chip structure CS1 according
to some exemplary embodiments of the present disclosure
may be accomplished. In the completed chip structure CS1
(integrated chip structure), the second semiconductor chip
SC2 1s embedded within the first semiconductor chip SC1,
and being surrounded by the gap fill layer 114 and the first
conductive vias 116 of the first semiconductor chip SC1.

Furthermore, in the exemplary embodiment, the first
semiconductor chip SC1 and the second semiconductor chip
SC2 may be selected from application-specific integrated
circuit (ASIC) chips, analog chips (for example, wireless
and radio frequency chips), digital chips (for example, a
baseband chip), integrated passive devices (IPDs), voltage
regulator chips, sensor chips, memory chips, or the like. The
disclosure 1s not limited thereto. For example, the first
semiconductor chip SC1 and the second semiconductor chip
SC2 may be the same type of chips or may be different type
of chips.

FIG. 3 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS1' illustrated in
FIG. 3 1s similar to the chip structure CS1 1llustrated 1n FIG.
2A to 2D. Therefore, the same reference numerals are used
to refer to the same or liked parts, and its detailed description
will not be repeated herein. The difference between the
embodiments 1s that a redistribution layer 118 1s further
formed 1n FIG. 3 prior to the dicing process described 1n
FIG. 2C to FIG. 2D. For example, after forming the first
conductive vias 116, a redistribution layer 118 may be
formed over the gap fill layer 114 of the first semiconductor
chip SC1, and over the second semiconductor chip SC2. In
some embodiments, the redistribution layer 118 1s electri-
cally connected to the plurality of first conductive vias 116
and the plurality of second conductive vias 208. In other
words, the plurality of first conductive vias 116 and the
plurality of second conductive vias 208 electrically commu-
nicate with one another through the redistribution layer 118.
In some embodiments, the redistribution layer 118 may have
a fine pitch (e.g. =0.8 um) due to multi-chip stacking.

In some embodiments, the formation of the redistribution
layer 118 includes sequentially forming one or more dielec-
tric layers 118A, and one or more conductive layers 118B 1n
alternation. In certain embodiments, the conductive layers
118B are sandwiched between the dielectric layers 118A.
Although only three layers of the conductive layers 118B
and four layers of dielectric layers 118A are illustrated
herein, however, the scope of the disclose 1s not limited by
the embodiments of the disclosure. In other embodiments,
the number of conductive layers 118B and the dielectric
layers 118A may be adjusted based on product requirement.
In some embodiments, the conductive layers 118B may be
clectrically connected to the plurality of first conductive vias
116 and the plurality of second conductive vias 208.

In certain embodiments, the material of the dielectric
layers 118A may be polyimide, polybenzoxazole (PBO),
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benzocyclobutene (BCB), a nitride such as silicon nitride, an
oxide such as silicon oxide, phosphosilicate glass (PSG),
borosilicate glass (BSG), boron-doped phosphosilicate glass
(BPSG), a combination thereof or the like, which may be
patterned using a photolithography and/or etching process.
In some embodiments, the material of the dielectric layers
118 A may be formed by suitable fabrication techniques such
as spin-on coating, chemical vapor deposition (CVD),
plasma-enhanced chemical vapor deposition (PECVD) or
the like. The disclosure 1s not limited thereto.

In some embodiments, the material of the conductive
layer 118B may be made of conductive materials formed by
clectroplating or deposition, such as aluminum, titanium,
copper, nickel, tungsten, and/or alloys thereof, which may be
patterned using a photolithography and etching process. In
some embodiments, the conductive layer 118B may be
patterned copper layers or other suitable patterned metal
layers. Throughout the description, the term “copper” 1is
intended to include substantially pure elemental copper,
copper containing unavoidable impurities, and copper alloys
contaiming minor amounts of elements such as tantalum,
indium, tin, zinc, manganese, chromium, titanium, germa-
nium, strontium, platinum, magnesium, aluminum or zirco-
nium, etc.

After forming the redistribution layer 118, a plurality of
conductive pads 118C may be disposed on an exposed top
surface of the topmost layer of the conductive layers 118B
for electrically connecting with conductive balls. In certain
embodiments, the conductive pads 118C are for example,
under-ball metallurgy (UBM) patterns used for ball mount.
As shown 1 FIG. 3, the conductive pads 118C are formed
on and electrically connected to the redistribution layer 118.
In some embodiments, the maternials of the conductive pads
118C may include copper, nickel, titanium, tungsten, or
alloys thereof or the like, and may be formed by an elec-
troplating process, for example. The number of conductive
pads 118C are not limited 1n this disclosure, and may be
selected based on the design layout. In some alternative
embodiments, the conductive pads 118C may be omitted. In
other words, conductive balls 120 formed in subsequent
steps may be directly disposed on the redistribution layer
118.

After forming the conductive pads 118C, a plurality of
conductive balls 120 1s disposed on the conductive pads
118C and over the redistribution layer 118. In some embodi-
ments, the conductive balls 120 may be disposed on the
conductive pads 118C by a ball placement process or retlow
process. In some embodiments, the conductive balls 120 are,
for example, solder balls or ball grid array (BGA) balls. In
some embodiments, the conductive balls 120 are, for
example, controlled collapse chip connection (C4) bumps or
micro-bumps. The disclosure 1s not limited thereto. In some
embodiments, the conductive balls 120 are connected to the

redistribution layer 118 through the conductive pads 118C.
In certain embodiments, some of the conductive balls 120
may be electrically connected to the first conductive vias
116, while some of the conductive balls 120 may be elec-
trically connected to the second conductive vias 208 through
the redistribution layer 118. Furthermore, 1n the exemplary
embodiment, the number of the conductive balls 120 1s not
limited to the disclosure, and may be designated and selected
based on the number of the conductive pads 118C. After
forming the redistribution layer 118 and placing the con-
ductive balls 120, the same dicing process may be performed
(as described 1n FIG. 2D) to separate the plurality of first
semiconductor chips SC1 from one another. Up to here, a
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chip structure CS1' shown in FIG. 3 according to some
exemplary embodiments of the present disclosure may be
accomplished.

FIG. 4 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS2 1llustrated 1 FIG.
4 1s similar to the chip structure CS1' illustrated in FIG. 3.
Theretfore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s 1n the connection of the second conductive vias 208. As
illustrated in FIG. 3, the second conductive vias 208 are
physically connected to the top metallization layer 202-TM
of the second interconnection layer 202. However, the
disclosure 1s not limited thereto. For example, as illustrated
in FIG. 4, the second conductive vias 208 may be physically
connected to any one of the lower metallization layers
202-LM.

FIG. 5 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS3 1llustrated 1 FIG.
5 1s sitmilar to the chip structure CS1' illustrated in FIG. 3.
Theretfore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s 1n the connection of the second conductive vias 208. For
example, as illustrated 1n FIG. §, the second conductive vias
208 are physically connected to the second conductive pads
204. In other words, the conductive vias 208 are electrically
connected to the second 1nterconnection layer 202 through
the second conductive pads 204. This 1s different to the
embodiment of FIG. 3, whereby the second conductive pads
204 are used as dummy pads.

FIG. 6 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS4 1llustrated 1 FIG.
6 1s similar to the chip structure CS1' illustrated 1n FIG. 3.
Theretore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s 1n the connection of the first conductive vias 116. As
illustrated 1n FIG. 3, the first conductive vias 116 are
clectrically connected to the first interconnection layer 102
through first conductive posts 108. However, the disclosure
1s not limited thereto. For example, as illustrated 1n FIG. 6,
the first conductive posts 108 may be omitted, and the first
conductive vias 116 may be physically connected to the top
metallization layer 102-TM of the first interconnection layer
102. In alternative embodiments, the first conductive vias
116 may be physically connected to any one of the lower
metallization layers 102-LM.

FIG. 7 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS5 illustrated i FIG.
7 1s stmilar to the chip structure CS1' illustrated 1n FIG. 3.
Therefore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s 1n the way of bonding the second semiconductor chip SC2
on the first protection layer 110 pi the first semiconductor
chip SC1. As 1illustrated i FIG. 3, the semiconductor
substrate 201 of the second semiconductor chip SC2 1s
directly bonded onto the first protection layer 110 by fusion
bonding. However, the disclosure 1s not limited thereto. For
Example, as illustrated in FIG. 7, a bonding film BF may be
further attached to the backside of the semiconductor sub-
strate 201, and the second semiconductor chip SC2 1s
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bonded onto the first protection layer 110 through the
bonding film BF. In some embodiments, the bonding film BF
may be any materials used for fusion bonding. For example,
the bonding film BF may be an oxide-based film (e.g.,
silicon oxide film) used for oxide-oxide fusion bonding. In
alternative embodiments, the bonding film BF may be an
adhesive film such as a die attach film. The disclosure 1s not
limited thereto.

FIG. 8 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS6 1llustrated 1n FIG.
8 1s sitmilar to the chip structure CS1' illustrated in FIG. 3.
Therefore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s that a second etch stop layer 113 1s further included. For
example, the structure illustrated 1n FIG. 8 may be fabricated
by sequentially forming the first etch stop layer 112, the first
sub-layer 114-1, the second etch stop layer 113 and the
second sub-layer 114-2, wherein the first sub-layer 114-1
and the second sub-layer 114-2 constitute the gap fill layer
114. After planarization of these layers, the first conductive
vias 116 may be formed to penetrate through the second
sub-layer 114-2, the second etch stop layer 113, the first
sub-layer 114-1 and the first etch stop layer 112. In some
embodiments, the second etch stop layer 113 may be formed
ol a material having a high etching selectivity relative to the
overlying or underlying layers to be used to stop and control
the etching of these layers. In certain embodiments, when
both the first sub-layer 114-1 and the second sub-layer 114-2
of the gap {ill layer 114 are made of oxide-based materials,
then the second etch stop layer 113 may be silicon nitride,
for example. By using the second etch stop layer 113 1n
combination with the first etch stop layer 112, the first
conductive vias 116 may be formed with suflicient unifor-
mity.

As 1llustrated 1in FI1G. 8, after completing the formation of
the second etch stop layer 113 and the first conductive vias
116, the same steps of forming the redistribution layer 118
and the conductive balls 120 may be performed to fabricate
the chip structure CS6. For example, 1n the completed
structure, the second etch stop layer 113 1s located 1n
between the first sub-layer 114-1 and the second sub-layer
114-2 of the gap fill layer 114, and physically separate the
first sub-layer 114-1 from the second sub-layer 114-2. Fur-
thermore, the sidewalls of the first conductive vias 116 1s in
physical contact with the second sub-layer 114-2, the second
etch stop layer 113, the first sub-layer 114-1 and the first etch
stop layer 112. In other words, the first conductive vias 116
1s surrounded by the second sub-layer 114-2, the second etch
stop layer 113, the first sub-layer 114-1 and the first etch stop
layer 112.

FIG. 9 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS7 illustrated i FIG.
9 1s stmilar to the chip structure CS1' illustrated 1n FIG. 3.
Theretfore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s that a third semiconductor chip SC3 1s further included. As
illustrated 1n FIG. 9, the third semiconductor chip SC3 1is
bonded onto the first protection layer 110 of the first semi-
conductor chip SC1, and 1s located aside the second semi-
conductor chip SC2. In the exemplary embodiment, the third
semiconductor chip SC3 includes a third semiconductor
substrate 301, a third interconnection layer 302, a plurality
of third conductive pads 304, a dielectric layer 306, a
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plurality of third conductive vias 308, and a third protection
layer 310. These elements of the third semiconductor chip
SC3 may be similar to the second semiconductor substrate
201, the second interconnection layer 202, the second con-
ductive pads 204, the dielectric layer 206, the second
conductive vias 208 and the second protection layer 210 of
the second semiconductor chip SC2, hence 1ts detailed
description may be referred thereto. Briefly, the third inter-
connection layer 302 1s located on the third semiconductor
substrate 301, the third protection layer 310 1s located on the
third interconnection layer 302, and the third conductive
vias 308 are embedded in the third protection layer 310 and
clectrically connected with the third interconnection layer
302.

In the illustrated embodiment, the third semiconductor
chip SC3 1s embedded within the first semiconductor chip
SC1 and surrounded by the gap fill layer 114 and the first
conductive vias 116. Furthermore, the third semiconductor
substrate 301 of the third semiconductor chip SC3 i1s directly
bonded to the first protection layer 110 by fusion bonding.
For example, through oxide-oxide fusion bonding, or sili-
con-oxide fusion bonding. In some embodiments, the redis-
tribution layer 118 may be electrically connected to the third
conductive vias 308 of the third semiconductor chip SC3. In
some embodiments, the first semiconductor chip SC1 and
the second semiconductor chip may be electrically con-
nected to the third semiconductor chip SC3 through the
redistribution layer 118. In certain embodiments, the first
etch stop layer 112 further cover sidewalls of the third
semiconductor chip SC3.

FIG. 10 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS8 1llustrated 1n FIG.
10 1s similar to the chip structure CS7 illustrated 1n FIG. 9.
Theretore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s 1 the size of the third semiconductor chip SC3. As
illustrated 1n FIG. 9, the size of the third semiconductor chip
SC3 1s substantially the same as the size of the second
semiconductor chip SC2. However, the disclosure 1s not
limited thereto. As 1llustrated 1n FIG. 10, the size of the third
semiconductor chip SC3 1s smaller than the size of the
second semiconductor chip SC2. In other words, the second
semiconductor chip SC2 and the third semiconductor chip
SC3 may different type of chips. However, the disclosure 1s
not limited thereto, and semiconductor chips with different
s1zes may be appropriately selected based on design require-
ments.

FIG. 11 1s a schematic sectional view of a chip structure
according to some other exemplary embodiments of the
present disclosure. The chip structure CS9 1llustrated 1n FIG.
11 1s similar to the chip structure CS7 1illustrated in FIG. 9.
Therefore, the same reference numerals are used to refer to
the same or liked parts, and 1ts detailed description will not
be repeated herein. The difference between the embodiments
1s 1n the position of the third semiconductor chip SC3. As
illustrated 1n FIG. 11, the third semiconductor chip SC3 1s
located over the second semiconductor chip SC2. In some
embodiments, a second gap {ill layer 115 (similar to that of
the first gap {ill layer 114) may be formed to surround the
third semiconductor chip SC3. In certain embodiments,
auxiliary conductive vias AxV (similar to the first conduc-
tive vias 116) may be embedded within the second gap fill
layer 115. Furthermore, an auxiliary interconnection layer
AxImay be located 1n between the first gap {fill layer 114 and
the second gap fill layer 115 for providing electrical con-
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nection therebetween. In some embodiments, the auxiliary
interconnection layer AxI includes a plurality of metalliza-
tion layers AxI-1 and a plurality of inter-dielectric layers
AxI-2 stacked alternately. The number of metallization
layers AxI-1 and inter-dielectric layers AxI-2 1s not limited
thereto, and may be adjusted based on requirement.

In some embodiments, the auxiliary interconnection layer
AxI 1s electrically connected with the plurality of first
conductive vias 116, the plurality of second conductive vias
208, and the plurality of auxiliary conductive vias AxV. In
certain embodiments, the third semiconductor substrate 301
1s bonded onto the inter-dielectric layers AxI-2 of the
auxiliary iterconnection layer AxI through fusion bonding.
For example, the tusion bonding may be oxide-oxide fusion
bonding and silicon-oxide fusion bonding. The disclosure 1s
not limited thereto. In certain embodiments, a second etch
stop layer 117 (similar to that of the first etch stop layer 112)
may be formed on the auxiliary interconnection layer AxI,
covering sidewalls of the third semiconductor chip SC3 and
covering the upper surface of the auxiliary interconnection
layer AxI. The redistribution layer 118 subsequently formed
may then be electrically connected to the third conductive
vias 308 and the auxiliary conductive vias AxV.

FIG. 12A to FIG. 12G are schematic sectional views of
various stages in a method of fabricating a package structure
according to some exemplary embodiments of the present
disclosure. Referring to FIG. 12A, a carrier 402 1s provided.
In some embodiments, the carrier 402 may be a glass carrier
or any suitable carrier for carrying a semiconductor water or
a reconstituted wafer for the manufacturing method of the
package structure. In some embodiments, the carrier 402 1s
coated with a debond layer 404. The material of the debond
layer 404 may be any material suitable for bonding and
de-bonding the carrier 402 from the above layer(s) or any
waler(s) disposed thereon.

In some embodiments, the debond layer 404 may include
a dielectric material layer made of a dielectric material
including any suitable polymer-based dielectric material
(such as benzocyclobutene (“BCB”), polybenzoxazole
(“PBO”)). In an alternative embodiment, the debond layer
304 may include a dielectric material layer made of an
epoxy-based thermal-release material, which loses 1ts adhe-
sive property when heated, such as a light-to-heat-conver-
sion (LTHC) release coating film. In a further alternative
embodiment, the debond layer 404 may 1nclude a dielectric
material layer made of an ultra-violet (UV) glue, which loses
its adhesive property when exposed to UV lights. In certain
embodiments, the debond layer 404 may be dispensed as a
liquid and cured, or may be a laminate film laminated onto
the carrier 402, or may be the like. The top surface of the
debond layer 404, which 1s opposite to a bottom surface
contacting the carrier 402, may be levelled and may have a
high degree of coplanarity. In certain embodiments, the
debond layer 404 1s, for example, a LTHC layer with good
chemical resistance, and such layer enables room tempera-
ture de-bonding from the carrier 402 by applying laser
irradiation, however the disclosure 1s not limited thereto.

In an alternative embodiment, a builer layer (not shown)
may be coated on the debond layer 404, where the debond
layer 404 1s sandwiched between the buller layer and the
carrier 402, and the top surface of the bufler layer may
turther provide a high degree of coplanarity. In some
embodiments, the buller layer may be a dielectric material
layer. In some embodiments, the buller layer may be a
polymer layer which made of polyimide, PBO, BCB, or any
other suitable polymer-based dielectric matenial. In some
embodiments, the buller layer may be Ajinomoto Buldup

10

15

20

25

30

35

40

45

50

55

60

65

12

Film (ABF), Solder Resist film (SR), or the like. In other
words, the bufler layer 1s optional and may be omitted based
on the demand, so that the disclosure 1s not limited thereto.

As further illustrated 1n FIG. 12A, a redistribution layer
406 1s formed over the carrier 402. For example, the
redistribution layer 406 1s formed on the debond layer 404,
and the formation of the redistribution layer 406 includes
sequentially forming one or more dielectric layers 406 A and
one or more conductive layers 4068 1n alternation. In some
embodiments, the redistribution layer 406 includes two
dielectric layers 406 A and one conductive layer 4068 as
shown 1 FIG. 12A, where the conductive layer 406B 1s
sandwiched between the dielectric layers 406 A. However,
the disclosure 1s not limited thereto. The numbers of the
dielectric layers 406A and the conductive layer 406B
included in the redistribution layer 406 1s not limited thereto,
and may be designated and selected based on the demand.
For example, the numbers of the dielectric layers 406 A and
the conductive layers 4068 may be one or more than one.

In certain embodiments, the material of the dielectric
layers 406 A may be polyimide, polybenzoxazole (PBO),
benzocyclobutene (BCB), a nitride such as silicon nitride, an
oxide such as silicon oxide, phosphosilicate glass (PSG),
borosilicate glass (BSG), boron-doped phosphosilicate glass
(BPSG), a combination thereof or the like, which may be
patterned using a photolithography and/or etching process.
In some embodiments, the material of the dielectric layers
406 A may be formed by suitable fabrication techniques such
as spimn-on coating, chemical vapor deposition (CVD),
plasma-enhanced chemical vapor deposition (PECVD) or
the like. The disclosure 1s not limited thereto. In some
embodiments, the material of the conductive layer 4068
may be made of conductive materials formed by electro-
plating or deposition, such as aluminum, titanium, copper,
nickel, tungsten, and/or alloys thereof, which may be pat-
terned using a photolithography and etching process. In
some embodiments, the conductive layer 4068 may be
patterned copper layers or other suitable patterned metal
layers.

Retferring to FIG. 12B, after forming the redistribution
layer 406, at least one chip structure CS1 obtained in FIG.
2D, and a plurality of through isulator vias 408 are pro-
vided on the redistribution layer 406 and over the carrier
402. In some embodiments, the through insulator vias 408
are through integrated fan-out (“InFO”) vias. In one embodi-
ment, the formation of the through sulator vias 408
includes forming a mask pattern (not shown) with openings,
then forming a metallic material (not shown) filling up the
openings by electroplating or deposition, and removing the
mask pattern to form the through insulator vias 408 on the
redistribution layer 406. In certain embodiments, the
through insulator vias 408 fills 1nto a via opening that reveals
the conductive layer 406B of the redistribution layer 406, so
that the through insulator vias 408 may be eclectrically
connected to the redistribution layer 406. In some embodi-
ments, the material of the mask pattern may include a
positive photo-resist or a negative photo-resist. In one
embodiment, the material of the through insulator vias 408
may include a metal material such as copper or copper
alloys, or the like. However, the disclosure 1s not limited
thereto.

In an alternative embodiment, the through insulator vias
408 may be formed by forming a seed layer (not shown) on
the redistribution layer 406; forming the mask pattern with
openings exposing portions of the seed layer; forming the
metallic material on the exposed portions of the seed layer
to form the through insulator vias 408 by plating; removing
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the mask pattern; and then removing portions of the seed
layer exposed by the through insulator vias 408. For
example, the seed layer may be a titamum/copper compos-
ited layer. For simplification, only two through insulator vias
408 are 1llustrated 1n FIG. 12B. However, 1t should be noted
that the number of through insulator vias 408 1s not limited
thereto, and can be selected based on requirement.

Furthermore, 1n some embodiments, at least one chip
structure CS1 1s picked and placed on the redistribution
layer 406. In certain embodiments, the chip structure CS1 1s
placed on the redistribution layer 406 1n a way that the first
semiconductor substrate 101 of the first semiconductor chip
SC1 1s attached to the dielectric layer 406 A of the redistri-
bution layer 406. For example, the {first semiconductor
substrate 101 1s attached to the redistribution layer 406
through a die attach film (not shown) or through fusion
bonding. In the exemplary embodiment, only one chip
structure CS1 1s 1llustrated. However, 1t should be noted that
the number of chip structure CS1 placed on the redistribu-
tion layer 406 1s not limited thereto, and this can be adjusted
based on design requirement.

In some embodiments, when more than one chip struc-
tures CS1 are placed on the redistribution layer 406, the chip
structures CS1 may be arranged in an array, and when the
chip structures CS1 are arranged 1n an array, the through
insulator vias 408 may be classified into groups. The number
of the chip structures CS1 may correspond to the number of
groups ol the through insulator vias 408. In the exemplary
embodiment, the chip structures CS1 may be picked and
placed on the redistribution layer 406 after the formation of
the through insulator vias 408. However, the disclosure 1s
not limited thereto. In some alternative embodiments, the
chup structures CS1 may be picked and placed on the
redistribution layer 406 before the formation of the through
insulator vias 408.

Referring to FIG. 12C, 1 a next step, an 1insulating
material 410 1s formed on the redistribution layer 406 and
over the chip structure CS1. In some embodiments, the
insulating material 410 1s formed through, for example, a
compression molding process, filling up the gaps between
the chip structure CS1 and the through insulating vias 408 to
encapsulate the chip structure CS1. The insulating material
410 also fills up the gaps between adjacent through insulator
vias 408 to encapsulate the through insulator vias 408. At
this stage, the gap fill layer 114, the first conductive vias 116,
the second conductive vias 208 and the second protection
layer 210 are encapsulated by and well protected by the
insulating material 410. In other words, the gap fill layer
114, the first conductive vias 116, the second conductive vias
208 and the second protection layer 210 of the chip structure
CS1 are not revealed.

In some embodiments, the sulating material 410
includes polymers (such as epoxy resins, phenolic resins,
s1licon-containing resins, or other suitable resins), dielectric
materials having low permittivity (Dk) and low loss tangent
(D1) properties, or other suitable materials. In an alternative
embodiment, the insulating material 410 may include an
acceptable 1nsulating encapsulation material. In some
embodiments, the insulating material 410 may further
include inorganic filler or inorganic compound (e.g. silica,
clay, and so on) which can be added therein to optimize
coellicient of thermal expansion (CTE) of the insulating
material 410. The disclosure 1s not limited thereto.

Referring to FIG. 12D, 1n some embodiments, the 1nsu-
lating material 410 1s partially removed to expose the
through 1nsulator vias 408, the first conductive vias 116 and
the second conductive vias 208. In some embodiments, the
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insulating material 410 1s ground or polished by a planar-
ization step. For example, the planarization step 1s per-
formed through a mechanical grinding process and/or a
chemical mechanical polishing (CMP) process until a top
surface 116-TS of the first conductive vias 116 and a top
surtace 208-TS of the second conductive vias 208 are
revealed. In some embodiments, the through 1nsulator vias
408 may be partially polished so that the top surfaces
408-TS of the through insulator vias 408 are levelled with
the top surface 116-TS of the first conductive vias 116 and
the top surface 208-TS of the second conductive vias 208. In
other words, the through insulator vias 408, the first con-
ductive vias 116 and the second conductive vias 208 may
also be slightly grinded/polished.

In the illustrated embodiment, the msulating material 410
1s polished to form an insulating encapsulant 410'. In some
embodiments, the top surface 410-TS of the insulating
encapsulant 410", the top surface 408-TS of the through
insulator vias 408, the top surface 116-TS of the {irst
conductive vias 116, the top surface 114-TS of the gap fill
layer 114, the top surface 208-TS of the second conductive
vias 208, and the top surface 210-TS of the second protec-
tion layer 210 are coplanar and levelled with one another. In
some embodiments, after the mechanical grinding or chemi-
cal mechanical polishing (CMP) steps, a cleaning step may
be optionally performed. For example, the cleaning step 1s
preformed to clean and remove the residue generated from
the planarization step. However, the disclosure 1s not limited
thereto, and the planarization step may be performed
tfnrough any other suitable methods.

Referring to FIG. 12E, after the grinding/polishing step, a
redistribution layer 412 1s formed on the insulating encap-
sulant 410", the through nsulator vias 408 and on the chip
structure CS1. For example, the insulating encapsulant 410’
has a first surface 410-S1 and a second surface 410-S2
opposite to the first surface 410-51, wherein the redistribu-
tion layer 412 1s formed on the first surface 410-5S1, and the
redistribution layer 406 1s formed on the second surface
410-S2 of the msulating encapsulant 410'. In some embodi-
ments, the redistribution layer 412 i1s electrically to the
through insulator vias 408, and 1s electrically connected to
the first semiconductor Chlp SC1 and the second semicon-
ductor chip SC2 through the first conductive vias 116 and the
second conductive vias 208 respectively. In certain embodi-
ments, the redistribution layer 412 electrically connects the
first conductive vias 116 of the first semiconductor chip SC1
to the second conductive vias 208 of the second semicon-
ductor chip SC2. In other words, the first semiconductor
chip SC1 1s electrically connected with the second semicon-
ductor chip SC2 through the first conductive vias 116, the
redistribution layer 412 and the second conductive vias 208.
In some embodiments, the chip structure CS1 1s electrically
connected to the through insulator vias 408 through the
redistribution layer 412.

Furthermore, 1n some embodiments, the formation of the
redistribution layer 412 includes sequentially forming one or
more dielectric layers 412A, and one or more conductive
layers 412B 1n alternation. In certain embodiments, the
conductive layers 412B are sandwiched between the dielec-
tric layers 412A. Although only three layers of the conduc-
tive layers 412B and four layers of dielectric layers 412 A are
illustrated herein, however, the scope of the disclose 1s not
limited by the embodiments of the disclosure. In other
embodiments, the number of conductive layers 412B and the
dielectric layers 412A may be adjusted based on product
requirement. In some embodiments, the conductive layers
412B are electrically connected to the first conductive vias
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116 of the first semiconductor chip SC1, and electrically
connected to the second conductive vias 208 of the second
semiconductor chip SC2. Furthermore, the conductive lay-
ers 4128 are electrically connected to the through insulator
vias 408. In some embodiments, the materials of the dielec-
tric layer 412A and the conductive layer 412B of the
redistribution layer 412 1s similar to a material of the
dielectric layer 406 A and the conductive layer 4068 men-
tioned for the redistribution layer 406. Therefore, the
detailed description of the dielectric layer 412A and the
conductive layer 412B will be omitted herein.

After forming the redistribution layer 412, a plurality of
conductive pads 412C may be disposed on an exposed top
surface of the topmost layer of the conductive layers 412B
for electrically connecting with conductive balls. In certain
embodiments, the conductive pads 412 are for example,
under-ball metallurgy (UBM) patterns used for ball mount.
As shown in FIG. 12E, the conductive pads 412C are formed
on and electrically connected to the redistribution layer 412.
In some embodiments, the maternials of the conductive pads
412C may include copper, nickel, titanium, tungsten, or
alloys thereof or the like, and may be formed by an elec-
troplating process, for example. The number of conductive
pads 412C are not limited in this disclosure, and may be
selected based on the design layout. In some alternative
embodiments, the conductive pads 412C may be omitted. In
other words, conductive balls 414 formed in subsequent
steps may be directly disposed on the redistribution layer
412.

After forming the conductive pads 412C, a plurality of
conductive balls 414 1s disposed on the conductive pads
412C and over the redistribution layer 412. In some embodi-
ments, the conductive balls 414 may be disposed on the
conductive pads 412C by a ball placement process or retlow
process. In some embodiments, the conductive balls 414 are,
for example, solder balls or ball grid array (BGA) balls. In
some embodiments, the conductive balls 414 are connected
to the redistribution layer 412 through the conductive pads
412C. In certain embodiments, some of the conductive balls
414 may be electrically connected to the chip structure CS1
through the redistribution layer 412. Furthermore, some of
the conductive balls 414 may be electrically connected to the
through insulator vias 408 through the redistribution layer
412. The number of the conductive balls 414 1s not limited
to the disclosure, and may be designated and selected based
on the number of the conductive pads 412C. In addition, as
illustrated 1n FIG. 12E, one or more passive components 416
may be mounted on the redistribution layer 412. For
example, the passive components 416 may be mounted on
the conductive layers 412B of the redistribution layer 412
through a soldering process. The disclosure 1s not limited
thereto.

Referring to FIG. 12F, after forming the redistribution
layer 412 and placing the conductive balls 414 and passive
component 416 thereon, the structure shown i FIG. 12E
may be turned upside down and attached to a tape X1 (e.g.,
a dicing tape) supported by a frame X2. As illustrated 1n
FIG. 12F, the carrier 402 1s debonded and 1s separated from
the redistribution layer 406. In some embodiments, the
de-bonding process includes projecting a light such as a
laser light or an UV light on the debond layer 404 (e.g., the
LTHC release layer) so that the carrier 402 can be easily
removed along with the debond layer 404. During the
de-bonding step, the tape X1 1s used to secure the package
structure before de-bonding the carrier 402 and the debond
layer 404. After the de-bonding process, a backside surface
406-BS of the redistribution layer 406 1s revealed or
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exposed. In certain embodiments, a dielectric layer 406 A of
the redistribution layer 406 1s revealed or exposed.

Referring to FIG. 12G, after the de-bonding process, a
dicing process 1s performed along the dicing lines DL
(shown in FIG. 12F) to cut the whole waler structure
(cutting through the insulating encapsulant 410', and the
redistribution layers 406 and 412) into a plurality of package
structures PK1A. In the exemplary embodiment, the dicing
process 1s a waler dicing process including mechanical blade
sawing or laser cutting. In a subsequent process, the sepa-
rated package structures PK1A may for example, be dis-
posed onto a circuit substrate or onto other components
based on requirements.

FIG. 13 1s a schematic sectional view of a package-on-
package (PoP) structure according to some exemplary
embodiments of the present disclosure. Referring to FIG. 13,
alter fabricating a first package, such as the package struc-
ture PK1A 1llustrated in FIG. 12G, a second package PK2
may be stacked on the package structure PK1A (first pack-
age) so as to form a package-on-package (PoP) structure. As
illustrated 1n FIG. 13, the second package PK2 is electrically
connected to the conductive layer 406B of the package
structure PK1A (first package). In some embodiments, the
second package PK2 has a substrate 510, a plurality of
semiconductor chips 520 mounted on one surface (e.g. top
surface) of the substrate 510 and stacked on top of one
another. In some embodiments, bonding wires 530 are used
to provide electrical connections between the semiconductor
chips 520 and pads 340 (such as bonding pads). In some
embodiments, an mnsulating encapsulant 560 1s formed to
encapsulate the semiconductor chips 520 and the bonding
wires 530 to protect these components. In some embodi-
ments, through insulator vias (not shown) may be used to
provide electrical connection between the pads 540 and
conductive pads 550 (such as bonding pads) that are located
on another surface (e.g. bottom surface) of the substrate 510.
In certain embodiments, the conductive pads 550 are elec-
trically connected to the semiconductor chips 520 through
these through insulator vias (not shown). In some embodi-
ments, the conductive pads 550 of the package structure PK2
are electrically connected to conductive balls 570. Further-
more, the conductive balls 570 are electrically connected to
the conductive layer 406B of the redistribution layer 406 in
the package structure PK1A (first package). In some
embodiments, an underfill 380 1s further provided to fill 1n
the spaces between the conductive balls 570 to protect the
conductive balls 570. After stacking the second package
PK2 on the package structure PK1A (first package) and
providing electrical connection therebetween, a package-on-
package structure POP1 can be fabricated.

FIG. 14 1s a schematic sectional view ol a package
structure according to some other exemplary embodiments
of the present disclosure. The package structure PK1B
illustrated 1 FIG. 14 1s similar to the package structure
PK1A 1illustrated 1in FIG. 12G, hence the same reference
numerals are used to refer to the same or liked parts, and its
detailed description will be omitted herein. The difference
between the embodiments 1s that the redistribution layer 406
1s omitted from the package structure PK1B. Referring to
FIG. 14, 1n some embodiments, a dielectric layer DI 1s
disposed on the second surface 410-S2 of the insulating
encapsulant 410' 1n replacement of the redistribution layer
406. In certain embodiments, the dielectric layer DI has
openings that reveal the through insulator vias 408, whereas
conductive terminals 418 are further disposed 1n the open-
ings of the dielectric layer DI and connected to the through
insulator vias 408. In other words, a package structure PK1B
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with dual side terminals 1s accomplished without the redis-
tribution layer 406. In alternative embodiments, the conduc-
tive terminals 418 may be omitted, and the dielectric layer
DI may cover up the backside (second surface 410-S2) of the
insulating encapsulant 410' and the backside of the chip
structure CS1.

FIG. 15 1s a schematic sectional view of a package
structure according to some other exemplary embodiments
of the present disclosure. The package structure PKI1C
illustrated 1n FIG. 15 1s similar to the package structure
PK1A 1llustrated 1in FIG. 12G, hence the same reference
numerals are used to refer to the same or liked parts, and its
detailed description will be omitted herein. The difference
between the embodiments 1s that another chip structure CS8'
1s further included. As illustrated 1n FIG. 15, the chip
structure CS8' 1s located aside the chip structure CS1, and
being encapsulated by the msulating encapsulant 410'. The
chip structure CS8' 1s for example, obtained by omitting the
redistribution layer 118 and elements located thereon from
the chup structure CS8 of FIG. 10. Furthermore, the redis-
tribution layer 412 may be used in replacement of the
redistribution layer 118 for providing electrical connection
to the first conductive vias 116, the second conductive vias
208 and the third conductive vias 308 of the chip structure
CS8'.

FIG. 16 1s a schematic sectional view of a package
structure according to some other exemplary embodiments
of the present disclosure. The package structure PK1D 1s
obtained by mounting the chip structure CS1' illustrated 1n
FIG. 3 onto a substrate 600. Thus, the same reference
numerals are used to refer to the same or liked parts, and its
detailed description will not be repeated herein. Referring to
FIG. 16, a substrate 600 1s provided. In some embodiments,
the substrate 600 i1ncludes contact pads 610, contact pads
620, metallization layers 630, and vias (not shown). In some
embodiments, the contact pads 610 and the contact pads 620
are respectively distributed on two opposite sides of the
substrate 600, and are exposed for electrically connecting
with later-formed elements/features. In some embodiments,
the metallization layers 630 and the vias are embedded in the
substrate 600 and together provide routing function for the
substrate 600, wherein the metallization layers 630 and the
vias are electrically connected to the contact pads 610 and
the contact pads 620. In other words, at least some of the
contact pads 610 are clectrically connected to some of the
contact pads 620 through the metallization layers 630 and
the vias. In some embodiments, the contact pads 610 and the
contact pads 620 may include metal pads or metal alloy
pads. In some embodiments, the materials of the metalliza-
tion layers 630 and the vias may be substantially the same
or similar to the material of the conductive layers 118B or
conductive layers 4068, and thus 1ts detailed description are
not repeated herein for simplicity.

In some embodiments, as shown in FIG. 16, the chip
structure CS1' depicted m FIG. 3 1s bonded to the substrate
600 through physically connecting the conductive balls 120
and the contact pads 610 to form the package structure
PK1D having a stacked structure, where the chip structure
CS1'1s physically and electrically connected to the substrate
600. The detail of the chip structure CS1' 1s described 1n
FIG. 3, and thus are not repeated herein. In some embodi-
ments, the substrate 600 1s referred to as a circuit substrate,
such as an organic flexible substrate or a printed circuit
board. In such embodiments, the conductive balls 120 are,
for example, chip connectors or BGA balls.

In some embodiments, a plurality of conductive terminals
640 are respectively formed on the substrate 600. As shown
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in FIG. 16, for example, the conductive terminals 640 are
connected to the contact pads 620 of the substrate 600. In
other words, the conductive terminals 640 are eclectrically
connected to the substrate 600 through the contact pads 620.
Through the contact pads 610 and the contact pads 620,
some ol the conductive terminals 640 are electrically con-
nected to the chip structure CS1' (e.g. the semiconductor
chips SC1/SC2 included therein). In some embodiments, the
conductive terminals 640 are, for example, solder balls or
BGA balls. In some embodiments, the chip structure CS1' 1s
bonded to the substrate 600 through physically connecting
the conductive balls 120 and the contact pads 610 of the
substrate 600 by tlip chip bonding.

FIG. 17 1s a schematic sectional view of a package
structure according to some other exemplary embodiments
of the present disclosure. The package structure PKI1E 1s
obtained by mounting the chip structure CS1' 1llustrated 1n
FIG. 3 onto a circuit element 700 and a substrate 600. Thus,
the same reference numerals are used to refer to the same or
liked parts, and 1ts detailed description will not be repeated
herein. Referring to FI1G. 17, 1n some embodiments, a circuit
clement 700 1s provided. In some embodiments, the circuit
clement 700 includes a core portion 710, a plurality of vias
720, a redistribution circuit structure 730, a redistribution
circuit structure 740, a plurality of bonding pads 754a, a
plurality of bonding pads 754b, a solder mask layer 752a,
and a solder mask layer 752b6. In some embodiments, the
core portion 710 may include a bulk silicon substrate, such
as a bulk substrate of monocrystalline silicon, a doped
silicon substrate, an undoped silicon substrate, or a SOI
substrate, where the dopant of the doped silicon substrate
may be an N-type dopant, a P-type dopant or a combination
thereof. In some embodiments, the vias 720 i1s through
silicon vias penetrating the core portions 710. In certain
embodiments, the circuit element 700 1s referred to as an
interposer (see FIG. 17), 1n the disclosure.

In some embodiments, the redistribution circuit structure
730 and the redistribution circuit structure 740 are respec-
tively disposed on two opposite sides of the core portion
710, as shown in FIG. 17. In some embodiments, the
redistribution circuit structure 730 and/or the redistribution
circuit structure 740 are electrically connected to the vias
720 penetrating the core portion 710. As shown 1n FIG. 17,
the core portion 710 embedded with the vias 720 1s located
between the redistribution circuit structure 730 and the
redistribution circuit structure 740. Through the vias 720,
the redistribution circuit structure 730 and the redistribution
circuit structure 740 are electrically connected to each other.

In some embodiments, the redistribution circuit structure
730 includes sequentially forming one or more dielectric
layers 732 and one or more metallization layers 734 1n
alternation, where one metallization layer 734 1s sandwiched
between two dielectric layers 732. As shown i FIG. 17,
portions of a top surface of a topmost layer of the metalli-
zation layers 734 are respectively exposed by openings
formed 1n a topmost layer of the dielectric layers 732 for
connecting with other conductive features, and portions of a
bottom surface of a bottommost layer of the metallization
layers 734 are respectively exposed by openings formed 1n
a bottommost layer of the dielectric layers 732 for connect-
ing with the vias 720. The numbers of the metallization
layers and the dielectric layers included in the redistribution
circuit structure 730 are not limited thereto, and may be
designated and selected based on the demand.

In some embodiments, the redistribution circuit structure
740 includes sequentially forming one or more dielectric
layers 742 and one or more metallization layers 744 1n
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alternation, where one metallization layer 744 1s sandwiched
between two dielectric layers 742. As shown in FIG. 17,
portions ol a top surface of a topmost layer of the metalli-
zation layers 744 are respectively exposed by openings
formed 1n a topmost layer of the dielectric layers 742 for
connecting with the vias 720, and portions of a bottom
surface of a bottommost layer of the metallization layers 744
are respectively exposed by openings formed in a bottom-
most layer of the dielectric layers 742 for connecting with
other conductive features. The numbers of the metallization
layers and the dielectric layers included in the redistribution
circuit structure 740 are not limited thereto, and may be
designated and selected based on the demand.

In certain embodiments, the materials of the dielectric
layers 732 and the dielectric layers 742 may be polyimide,
PBO, BCB, a nitride such as silicon nitride, an oxide such
as silicon oxide, PSG, BSG, BPSG, a combination thereof or
the like, which may be patterned using a photolithography
and/or etching process. In some embodiments, the dielectric
layers 732 and the dielectric layers 742 formed by suitable
fabrication techmiques such as spin-on coating, CVD,
PECVD, or the like. The disclosure 1s not limited thereto. In
one embodiment, the materials of the dielectric layers 732
and the dielectric layers7242 may be the same. In an
alternative embodiment, the materials of the dielectric layers
732 and the dielectric layers 742 may be different.

In certain embodiments, the material of the metallization

layers 734 and the metallization layers 744 may be made of
conductive materials formed by electroplating or deposition,
such as aluminum, titanium, copper, nickel, tungsten, and/or
alloys thereof, which may be patterned using a photolithog-
raphy and etching process. In some embodiments, the met-
allization layers 734 and the metallization layers 744 may be
patterned copper layers or other suitable patterned metal
layers. In one embodiment, the materials of the metallization
layers 734 and the metallization layers 744 may be the same.
In an alternative embodiment, the materials of the metalli-
zation layers 734 and the metallization layers 744 may be
different.
In some embodiments, the bonding pads 754a are dis-
posed on a surface of the redistribution circuit structure 730
and physically connected to the portions of the top surface
ol the topmost layer of the metallization layers 734 exposed
by the openings formed 1n the topmost layer of the dielectric
layers 732, where the bonding pads 754a are physically
separated from each other through the solder mask layer
752a formed on the surface of the redistribution circuit
structure 730 with the bonding pads 754a disposed thereon.
Through the redistribution circuit structure 730, the bonding
pads 754a are electrically connected to the vias 720 embed-
ded 1n the core portion 710.

In some embodiments, the bonding pads 7546 are dis-
posed on a surface of the redistribution circuit structure 740
and physically connected to the portions of the bottom
surface of the bottommost layer of the metallization layers
744 exposed by the opemings formed 1n the bottommost
layer of the dielectric layers 742, where the bonding pads
754b are physically separated from each other through the
solder mask layer 7526 formed on the surface of the redis-
tribution circuit structure 740 with the bonding pads 7545
disposed thereon. Through the redistribution circuit struc-
ture 740, the bonding pads 7354b are electrically connected
to the vias 720 embedded in the core portion 710.

As 1llustrated 1n FIG. 17, in some embodiments, the
bonding pads 754a are electrically connected to the redis-
tribution circuit structure 730 and the bonding pads 7545 are
clectrically connected to the redistribution circuit structure
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740. In some embodiments, the bonding pads 754a and the
bonding pads 7546 may include under bump metallurgies
(UBMs), however the disclosure 1s not limited thereto. As
shown 1n FIG. 17, the bonding pads 754a and the bonding
pads 754b are electrically connected to each other though
the vias 720, the redistribution circuit structure 730, and
redistribution circuit structure 740, for example.

In an alternative embodiment, one or both of the redis-
tribution circuit structure 730 and the redistribution circuit
structure 740 may be omitted from the circuit element 700,
the disclosure 1s not limited thereto. That 1s, for example, the
circuit element 700 may include a core portion 710, a
plurality of vias 720, a plurality of bonding pads 752a, a
plurality of bonding pads 7545, a solder mask layer 752a,
and a solder mask layer 7526, where the bonding pads 754a
and the bonding pads 75454 are electrically connected to each
other though the vias 720.

In some embodiments, a plurality of conductive terminals
810 are respectively formed on the bonding pads 754b. As
shown 1n FIG. 17, for example, the conductive terminals 810
are physically connected to the bonding pads 754b. In other
words, the conductive terminals 810 are electrically con-
nected to the circuit element 700 through the bonding pads
754b. Through the bonding pads 7545, some of the conduc-
tive terminals 810 are electrically connected to some of the
bonding pads 754a. In some embodiments, the conductive
terminals 810 are, for example, chip connectors or BGA
balls.

Referring still to FIG. 17, in some embodiments, the chip
structure CS1' depicted 1 FIG. 3 1s provided and bonded to
the circuit element 700, and the circuit element 700 1s
bonded to the substrate 600 to form the package structure
PK1E having a stacked structure. The detail of the chip
structure CS1' 1s described 1n FIG. 3, and the detail of the
substrate 600 1s described 1n FIG. 16, and thus their descrip-
tions are not repeated herein. In some embodiments, the chip
structure CS1' 1s physically connected to the circuit element
700 through connecting the conductive balls 120 and the
bonding pads 754a of the circuit element 700, and the circuit
clement 700 1s physically connected to the substrate 600
through connecting the conductive terminals 810 and the
contact pads 610 of the substrate 600. In other words, the
chip structure CS1' 1s electrically connected to the circuit
clement 700 through the conductive balls 120 and the
bonding pads 754a, the circuit element 700 1s electrically
connected to the substrate 600 through the conductive
terminals 810 and the contact pads 610, so that the chip
structure CS1' 15 electrically connected to the substrate 600
through the conductive terminals 120, the bonding pads
754a, the conductive terminals 810 and the contact pads
610. In such embodiments, the conductive balls 120 are, for
example, micro-bumps while the conductive terminals 810
are chip connectors and the conductive terminals 640 are
solder balls or BGA balls. In certain embodiments, the
package structure PK1E depicted 1n FIG. 17 may be formed
by chip on waler on substrate (CoWoS) packaging pro-
CEeSSes.

In the above-mentioned embodiments, a chip structure
includes at least one second semiconductor chip embedded
within the first semiconductor die, wherein the second
semiconductor chip 1s surrounded by the first conductive
vias. Furthermore, a redistribution layer may be used for
clectrically connecting the first conductive vias of the first
semiconductor chip to the second conductive vias of the
second semiconductor chip. By using such an integrated
chip structure, the communication path between the semi-
conductor chips may be shortened (fine pitch between die
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connection), and better signal/power transmission may be
achieved. Due to multi-chip stacking, the distances between
the conductive vias of the chips are shortened, thus the
redistribution layer used for electrically connecting the chips
together will also have a fine pitch. Furthermore, the chip
structure may be integrated in different package types or
modules, such as CoWos, flip chip, InFO/fan-out WLP
(waler level packaging). Overall, the design of the chip size
1s more flexible, the desired thickness and chip function
integration may be readily achieved, and the performance
and efliciency of the package structure may be improved.

In accordance with some embodiments of the present
disclosure, a chip structure including a first semiconductor
chip, a second semiconductor chip and a redistribution layer
1s provided. The first semiconductor chip includes a first
semiconductor substrate, a first interconnection layer located
on the first semiconductor substrate, a first protection layer
covering the first interconnection layer, a gap fill layer
located on the first protection layer, and a plurality of first
conductive vias embedded in the gap fill layer and electri-
cally connected with the first interconnection layer. The
second semiconductor chip 1s embedded within the first
semiconductor chip and surrounded by the gap fill layer and
the plurality of first conductive vias, wherein the second
semiconductor chip includes a second semiconductor sub-
strate, a second interconnection layer located on the second
semiconductor substrate, a second protection layer located
on the second interconnection layer, and a plurality of
second conductive vias embedded in the second protection
layer and electrically connected with the second intercon-
nection layer, wherein the second semiconductor substrate 1s
bonded to the first protection layer. The redistribution layer
1s located over the gap {ill layer of the first semiconductor
chip, wherein the redistribution layer 1s electrically con-
nected to the plurality of first conductive vias and the
plurality of second conductive vias.

In accordance with some other embodiments of the pres-
ent disclosure, a package structure including at least one
integrated chip structure, an mnsulating encapsulant, a plu-
rality of through insulator vias, and a redistribution layer 1s
provided. The mtegrated chip structure includes a first
semiconductor chip and a second semiconductor chip. The
first semiconductor chip includes a first semiconductor sub-
strate, a first interconnection layer located on the first
semiconductor substrate, a first protection layer covering the
first interconnection layer, a gap fill layer located on the first
protection layer, and a plurality of first conductive vias
embedded 1n the gap fill layer and electrically connected
with the first interconnection layer. The second semicon-
ductor chip 1s embedded within the first semiconductor chip
and surrounded by the gap {ill layer and the plurality of first
conductive vias, wherein the second semiconductor chip
comprises a second semiconductor substrate, a second 1nter-
connection layer located on the second semiconductor sub-
strate, a second protection layer located on the second
interconnection layer, and a plurality of second conductive
vias embedded in the second protection layer and electri-
cally connected with the second interconnection layer,
wherein the second semiconductor substrate 1s bonded to the
first protection layer. The insulating encapsulant has a {first
surface and a second surface opposite to the first surface,
wherein the insulating encapsulant 1s encapsulating the at
least one integrated chip structure. The plurality of through
insulator vias 1s embedded within the mmsulating encapsulant
and surrounding the at least one integrated chip structure.
The redistribution layer 1s located over the first surface of the
insulating encapsulant and electrically connected to the
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plurality of first conductive vias, the plurality of second
conductive vias and the plurality of through insulator vias.

In yet another embodiment of the present disclosure, a
method of fabricating a chip structure 1s described. The
method 1ncludes the following steps. A semiconductor water
having a plurality of first semiconductor chips i1s provided,
wherein each of the first semiconductor chips comprises a
first semiconductor substrate, a first interconnection layer
located on the first semiconductor substrate, and a first
protection layer covering the first interconnection layer. At
least one second semiconductor chip i1s disposed on the first
protection layer of each of the first semiconductor chips,
wherein the at least one second semiconductor chip com-
prises a second semiconductor substrate, a second intercon-
nection layer located on the second semiconductor substrate,
a second protection layer located on the second intercon-
nection layer, and a plurality of second conductive vias
embedded in the second protection layer and electrically
connected with the second interconnection layer. A gap fill
layer 1s formed over first protection layer and covering the
at least one second semiconductor chip. A planarization
process 1s performed by removing portions of the second
protection layer and portions of the gap fill layer to reveal
the plurality of second conductive vias. The gap fill layer 1s
etched, and a plurality of first conductive vias 1s formed 1n
the gap fill layer. The semiconductor watfer 1s diced to
separate the plurality of first semiconductor chips to form
the chip structure.

The foregoing outlines features of several embodiments
so that those skilled in the art may better understand the
aspects of the present disclosure. Those skilled in the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A chip structure, comprising:

a first semiconductor chip, comprising a first semicon-
ductor substrate, a first interconnection layer located on
the first semiconductor substrate, a first protection layer
covering the first interconnection layer, a gap fill layer
located on the first protection layer, and a plurality of
first conductive vias embedded 1n the gap fill layer and
clectrically connected with the first interconnection
layer;

a second semiconductor chip embedded within the first
semiconductor chip and surrounded by the gap fill layer
and the plurality of first conductive vias, wherein the
second semiconductor chip comprises a second semi-
conductor substrate, a second interconnection layer
located on the second semiconductor substrate, a sec-
ond protection layer located on the second intercon-
nection layer, and a plurality of second conductive vias
embedded in the second protection layer and electr-
cally connected with the second interconnection layer,
wherein the second semiconductor substrate 1s bonded
to the first protection layer, and sidewalls of the second
protection layer are aligned with sidewalls of the sec-
ond semiconductor substrate and sidewalls of the sec-
ond 1nterconnection layer; and
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a redistribution layer located over the gap fill layer of the
first semiconductor chip, wherein the redistribution
layer 1s electrically connected to the plurality of first
conductive vias and the plurality of second conductive
vias.

2. The chip structure according to claim 1, wherein the
first semiconductor chip further comprises a first etch stop
layer located in between the first protection layer and the gap
{11l layer, and covering sidewalls of the second semiconduc-
tor chip.

3. The chip structure according to claim 2, wherein the
gap 1ill layer comprises a first sub-layer and a second
sub-layer separated from the first sub-layer, and the first
semiconductor chip further comprises a second etch stop
layer located 1in between the first sub-layer and the second
sub-layer.

4. The chip structure according to claim 3, wherein the
plurality of first conductive vias 1s 1n physical contact with
the first etch stop layer and the second etch stop layer.

5. The chip structure according to claim 1, wherein the
second interconnection layer includes a top metallization
layer and a plurality of lower metallization layers, and the
second semiconductor chip comprises a plurality of second
conductive pads located on and electrically connected to the
top metallization layer, and the second protection layer
separates the plurality of second conductive pads from the
redistribution layer.

6. The chip structure according to claim 5, wherein the
plurality of second conductive vias 1s physically connected
to the top metallization layer of the second interconnection
layer.

7. The chip structure according to claim 5, wherein the
plurality of second conductive vias 1s physically connected
to the plurality of second conductive pads.

8. The chip structure according to claim 1, further com-
prising a third semiconductor chip embedded within the first
semiconductor chip and surrounded by the gap fill layer and
the plurality of first conductive vias, wherein the third
semiconductor chip comprises a third semiconductor sub-
strate, a third interconnection layer located on the third
semiconductor substrate, a third protection layer located on
the third interconnection layer, and a plurality of third
conductive vias embedded in the third protection layer and
clectrically connected with the third interconnection layer,
wherein the third semiconductor substrate 1s bonded to the
first protection layer.

9. The chip structure according to claim 1, further com-
prising:

a third semiconductor chip located over the second semi-

conductor chip;

a second gap fill layer surrounding the third semiconduc-
tor chip;

a plurality of auxiliary conductive vias embedded within
the second gap fill layer; and

an auxiliary interconnection layer located in between the
first gap {ill layer and the second gap fill layer, wherein
the auxiliary interconnection layer 1s electrically con-
nected with the plurality of first conductive vias, the
plurality of second conductive vias, and the plurality of
auxiliary conductive vias.

10. A package structure, comprising

at least one integrated chip structure, comprising:

a first semiconductor chip, comprising a first semicon-
ductor substrate, a first interconnection layer located
on the first semiconductor substrate, a first protection
layer covering the first interconnection layer, a gap
f1ll layer located on the first protection layer, and a
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plurality of first conductive vias embedded 1n the gap
fill layer and electrically connected with the first
interconnection layer;

a second semiconductor chip embedded within the first
semiconductor chip and surrounded by the gap fill
layer and the plurality of first conductive wias,
wherein the second semiconductor chip comprises a
second semiconductor substrate, a second intercon-
nection layer located on the second semiconductor
substrate, a second protection layer located on the
second interconnection layer, and a plurality of sec-
ond conductive vias embedded 1n the second protec-
tion layer and electrically connected with the second
interconnection layer, wherein the second semicon-
ductor substrate 1s bonded to the first protection
layer, and sidewalls of the second protection layer
are aligned with sidewalls of the second semicon-
ductor substrate and sidewalls of the second inter-
connection layer;

an 1nsulating encapsulant having a first surface and a
second surface opposite to the first surface, wherein the
insulating encapsulant i1s encapsulating the at least one
integrated chip structure;

a plurality of through insulator vias embedded within the
insulating encapsulant and surrounding the at least one
integrated chip structure, and

a redistribution layer located over the first surface of the
insulating encapsulant and electrically connected to the
plurality of first conductive vias, the plurality of second
conductive vias and the plurality of through insulator
vias.

11. The package structure according to claim 10, further
comprising a backside redistribution layer located over the
second surface of the msulating encapsulant and electrically
connected to the plurality of through insulator vias, wherein
the at least one integrated chip structure 1s bonded to a
dielectric layer of the backside redistribution layer.

12. The package structure according to claim 10, wherein
the first semiconductor chip further comprises a first etch
stop layer located 1n between the first protection layer and
the gap fill layer, and covering sidewalls of the second
semiconductor chip.

13. The package structure according to claam 10, wherein
the at least one integrated chip structure further comprises a
bonding film located 1n between the first protection layer of
the first semiconductor chip and the second semiconductor
substrate of the second semiconductor chip.

14. The package structure according to claim 10, wherein
the second 1nterconnection layer includes a top metallization
layer and a plurality of lower metallization layers, the
second semiconductor chip comprises a plurality of second
conductive pads located on and electrically connected to the
top metallization layer, and the plurality of second conduc-
tive vias 1s physically connected to the top metallization
layer and being adjacent to the plurality of second conduc-
tive pads.

15. The package structure according to claam 10, wherein
the at least one integrated chip structure further comprises:

a third semiconductor chip located over the second semi-
conductor chip;

a second gap fill layer surrounding the third semiconduc-
tor chip;

a plurality of auxiliary conductive vias embedded within
the second gap fill layer; and

an auxiliary imnterconnection layer located in between the
first gap fill layer and the second gap fill layer, wherein
the auxiliary interconnection layer is electrically con-
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nected with the plurality of first conductive vias, the
plurality of second conductive vias, and the plurality of
auxiliary conductive vias.

16. A method of fabricating a chip structure, comprising:

providing a semiconductor waier having a plurality of
first semiconductor chips, wherein each of the first
semiconductor chips comprises a first semiconductor
substrate, a first interconnection layer located on the
first semiconductor substrate, and a first protection
layer covering the first interconnection layer;

disposing at least one second semiconductor chip on the
first protection layer of each of the first semiconductor
chips, wherein the at least one second semiconductor
chip comprises a second semiconductor substrate, a
second interconnection laver located on the second
semiconductor substrate, a second protection layer
located on the second interconnection layer, and a
plurality of second conductive vias embedded 1n the
second protection layer and electrically connected with
the second interconnection layer, and wherein side-
walls of the second protection layer are aligned with
stdewalls of the second semiconductor substrate and
stdewalls of the second interconnection layer;

forming a gap fill layer over the first protection layer and
covering the at least one second semiconductor chip;

performing a planarization process by removing portions
of the second protection layer and portions of the gap
11l layer to reveal the plurality of second conductive
vias;

ctching the gap fill layer and forming a plurality of first
conductive vias in the gap fill layer; and

dicing the semiconductor wafer to separate the plurality of
first semiconductor chips to form the chip structure.

17. The method of fabricating the chip structure according

to claim 16, further comprises forming a first etch stop layer
that covers the first protection layer and the second semi-
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conductor chip prior to forming the gap fill layer, wherein
the planarization process further removes portions of the
first etch stop layer so that remaining portions of the first
etch stop layer covers a top surface of the first protection
layer and sidewalls of the second semiconductor chip.

18. The method of fabricating the chip structure according
to claam 16, wherein a method of forming the second
semiconductor chip comprises:

providing a second semiconductor watfer having a plural-

ity of the second semiconductor chips, wherein each of
the second semiconductor chips comprises the second
semiconductor substrate, and the second interconnec-
tion layer located on the second semiconductor sub-
strate;

forming the plurality of second conductive vias on the

second interconnection layer, and forming a first pro-
tective portion surrounding the plurality of second
conductive vias;

forming a second protective portion covering the plurality

of second conductive vias and over the first protective
portion, wherein the first protective portion and the
second protective portion constitute the second protec-
tion layer;

thinning down a backside of the second semiconductor

waler and performing a dicing process to separate the
plurality of second semiconductor chips.

19. The method of fabricating the chip structure according
to claim 18, wherein the planarization process removes at
least the second protective portion of the second protection
layer.

20. The method of fabricating the chip structure according,
to claim 16, wherein the second semiconductor substrate 1s
directly bonded onto the first protection layer by fusion
bonding.
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